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Tbjective: Anomalous origin of 1 of the branch pulmonary arteries from the aorta
ith 2 normal semilunar valves (hemitruncus) is a rare entity. There have been
everal small case series reported. We report here our single-institution surgical
xperience with hemitruncus from 1982 to 2006.
ethods: A retrospective case review of all cases of conotruncal anomalies at
hildren’s Hospital Boston revealed 16 patients with hemitruncus. Ten patients had
urgery in the neonatal period (30 days), 4 at 1 to 6 months, 1 at 8 months, and
at 2 years. Diagnosis of hemitruncus was the indication for operation in all but 1.
ourteen of the 16 had anomalous right pulmonary artery from aorta, and 2 had left
ulmonary artery from aorta. Common associated anomalies included patent fora-
en ovale in 14, patent ductus arteriosus in 11, and ventricular septal defect in 4.
ll patients had elevated right ventricular pressures with systemic pressures in 5 and
uprasystemic pressures in 9.
esults: There was 1 operative death in this series in an infant who died from sepsis
ollowing ligation of a tracheoesophageal fistula. One patient required reoperation
or supravalvar aortic stenosis and right pulmonary artery stenosis 1 year postop-
ratively. Three patients required 4 catheter-based interventions postoperatively. At
0 years, survival by Kaplan–Meier was 93%; freedom from reoperation, 93%; and
reedom from catheter reintervention, 79%.
onclusions: Early repair of hemitruncus results in excellent hemodynamic and
natomic results. Survival is excellent, with a low incidence of reoperation or
eintervention.
nomalous origin of 1 pulmonary artery from the ascending aorta (hemitrun-
cus) with normal origin of the other from the right ventricle is a rare
anomaly. This should be distinguished from patients with discontinuous
ulmonary arteries who receive blood supply to 1 lung from a ductlike collateral
ssociated often with tetralogy. Anomalous origin of 1 pulmonary artery from aorta
as first described by Fraentzel in 1868.1 Since then, there have been several case
eports and case series. The natural history of this condition is characterized by onset
f severe pulmonary vascular obstructive disease (PVOD) if not corrected early.
his anomaly results in a large left-to-right shunt with the entire cardiac output from
he right ventricle going to 1 lung while the other lung receives blood at systemic
ressure from the aorta. Often there are other additional intracardiac shunting
esions exacerbating the total hemodynamic burden. Thus the pulmonary vascular
ed of both lungs may be vulnerable to the development of vascular disease. If left
ntreated, 1-year survival has been reported to be as low as 30%.2 We report our
eries of 16 cases, the majority of whom had surgery as neonates, with excellent
hort-term and long-term outcomes.
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Daterials and Methods
retrospective database and chart review between 1982 and 2006
evealed 16 neonates and children who had undergone repair for
nomalous origin of 1 of the branch pulmonary arteries from the
orta. This retrospective chart review was approved by the Insti-
utional Review Board at Children’s Hospital and parental consent
as waived. All data were procured according to guidelines es-
ablished by the committee on clinical investigation.
All patients’ preoperative studies, including echocardiograms
nd cardiac catheterization data, were reviewed. Data obtained
rom the preoperative echocardiograms included: the site of origin
f the anomalous pulmonary artery, presence of additional intra-
ardiac defects, right ventricular pressures, and presence or ab-
ence of right ventricular dysfunction.
Clinical charts and databases were reviewed. Intraoperative
ariables of interest included: survival, procedure performed, car-
iopulmonary bypass times, aortic crossclamp times, and circula-
ory arrest times. Postoperative variables of interest were: length of
ntensive care unit stay, length of hospital stay, duration of venti-
atory support, surgical and catheter reinterventions, surgical com-
lications, and length of follow-up.
Results are reported as means  SD. Probabilities of survival,
reedom from reoperation, and freedom from catheter reinterven-
ions were estimated using the Kaplan–Meier method. Intercooled
tata version 8.1 (Stata Corporation, College Station, Tex) was
sed for statistical analysis.
esults
here were 7 boys and 9 girls. All patients were under 2
ears of age at time of surgery. Ten patients were neonates
under 30 days of age), 5 patients were infants (4 patients
nder 6 months, 1 patient aged 8 months), and 1 patient was
years old. Mean weight at operation was 3.9 1.8 kg with
range of 2.8 to 10.5 kg.
All patients had preoperative echocardiograms. Five pa-
ients also underwent cardiac catheterization. In 3 patients
he diagnosis was missed on preoperative echocardiogram.
n 2 of these 3 patients, the diagnosis was established on
outine preoperative cardiac catheterization early in the se-
ies, and both had anomalous right pulmonary artery (RPA)
rising from the aorta. More recently, in 1 patient the
iagnosis was missed on preoperative transthoracic echo-
ardiogram. This patient was taken to the operating room
Abbreviations and Acronyms
LPA  left pulmonary artery
MPA main pulmonary artery
PDA  patent ductus arteriosus
PFO  patent foramen ovale
PVOD pulmonary vascular obstructive disease
RPA  right pulmonary artery
TEF  tracheoesophageal fistula
VSD  ventricular septal defectsor symptoms of severe congestive heart failure attributed to i
330 The Journal of Thoracic and Cardiovascular Surgery ● Mamuscular ventricular septal defects (VSDs). The diagnosis
as made when intraoperative transesophageal echocardi-
graphy could not clearly visualize the origin of the left
ulmonary artery (LPA). Fourteen patients had a right
nomalous pulmonary artery arising from the aorta. In 7
atients the RPA arose directly posterior from the ascending
orta, 5 had the RPA arising posterior but leftward, 1 had
he RPA arising posterior and rightward, and 1 patient had
he RPA arising from anterior rightward aspect of ascending
orta. Two patients had an anomalous left pulmonary artery
rising from the aorta. Both arose from an anterior and
eftward aspect of ascending aorta and shared a common but
ntact wall with the main pulmonary artery (MPA). Addi-
ional defects and surgical details are outlined in Table 1.
fter excision of the anomalous pulmonary artery with a
im of aortic tissue, 11 of the 16 patients had primary
losure of aorta, and a pericardial patch was used to close
he aortic defect in 5 patients. Thirteen patients had direct
mplantation of anomalous pulmonary artery onto the side
f MPA; 3 patients had anterior pericardial patch augmen-
ation of this anastomosis to maintain a tension-free anas-
omosis. All procedures were done under cardiopulmonary
ypass. One of the 16 patients had repair performed on
eating heart with no crossclamp. Seven patients had a
eriod of circulatory arrest, all before 1991. Only 2 of these
atients had an additional VSD or arch augmentation. The
ean cardiopulmonary bypass time was 95  37.4 minutes
range of 65-201 minutes), the mean aortic crossclamp time
as 42  18.8 minutes (range of 22-80 minutes), and the
ean circulatory arrest time was 45  15.7 minutes (range
f 29-76 minutes). The mean time to extubation was 2.5 
.3 (range of 1-5 days), mean length of stay in intensive care
nit was 3.8  1.4 days (range of 3-7 days), and mean
ength of hospital stay was 9  2.8 days (range of 5-17
ays).
The mean length of follow-up was 7.5 6.0 years (range
f 1-17 years). There was 1 hospital death in a 2.8-kg
eonate with RPA arising from ascending aorta, tubular
rch hypoplasia, large apical muscular VSD, mild hypopla-
ia of an unicuspid aortic valve, large patent ductus arteri-
sus (PDA), patent foramen ovale (PFO), right ventricular
ypertrophy, and mild left ventricular hypoplasia and non-
ardiac anomalies (TEF). She underwent gastrostomy tube
lacement and external jugular Broviac (CR Bard, Murray
ill, NJ) on day of life 1 and was the taken for cardiac repair
n day 5. The RPA was connected to the main pulmonary
rtery, the VSD was closed via a right ventriculotomy, the
FO was closed primarily, and the aortic arch was aug-
ented with autologous fixed pericadium after PDA liga-
ion and excision. She developed complete heart block
ostoperatively and underwent placement of a permanent
acemaker on postoperative day 7, with recovery of the
ntrinsic conducted rhythm on postoperative day 14. Pul-
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Donary complications related to the TEF preceded bactere-
ia, line sepsis, and death at 5 weeks of age. Autopsy
evealed infected atrial and superior vena cava clot at prior
ine site with patent arch and RPA and MPA anastomosis.
One other patient developed postoperative seizure (pa-
ient number 5).
One of 16 patients (6%) required reoperation for RPA
cclusion and ascending aortic stenosis at 1 year after initial
urgery. At initial operation, this patient had primary clo-
ure of aorta and pericardial augmentation of anterior aspect
f RPA/MPA anastomosis. She then required a second
ypass to augment the anterior RPA from MPA to hilum.
uring reoperation, the patient had interposition of an
1-mm homograft conduit between proximal MPA and
istal RPA and ascending aortic enlargement with a He-
ashield patch (Boston Scientific, Natick, MA). The patient
lso required subsequent catheter intervention for RPA di-
atation and stenting.
There were 4 catheter-based interventions on 3 of 16
atients (18%). Two of the 3 patients had pulmonary artery
ilatation and stenting. One patient had balloon dilatation of
he pulmonary artery. Two of these 3 patients had pericardial
ugmentation of the RPA to MPA anastomosis anteriorly.
Probability of freedom from death at 20 years by
aplan–Meier estimate was 93%, freedom from reoperation
t 20 years was 93%, and freedom from catheter reinter-
ention at 20 years was 79% (Figure 1).
iscussion
nomalous origin of 1 pulmonary artery (hemitruncus) is a
are congenital anomaly.3,4 This entity is anatomically dis-
inct from discontinuous pulmonary arteries where 1 branch
f the pulmonary artery is supplied by a ductlike or other
ajor aortopulmonary collateral.
Embryologically pleuripotent neural crest cells play a
ole in the development of the conotruncus and ascending
orta. Origin of the left or right pulmonary artery from the
orta is the result of embyologically distinct, but related,
rocesses. Failure of fusion of the LPA to MPA, due to the
bsence of the left sixth arch, results in persistence of an
ortic sac from which the LPA arises.5 Anomalous origin of
PA from aorta results from a delay in or abnormal migra-
ion of the sixth right aortic arch to the left side.6-8 This
ntity is 4 to 8 times more common than anomalous origin
f LPA from aorta.9 Anomalous origin of LPA, when it
oes occur, is often associated with right aortic arch. In our
eries, 14 of the 16 patients (87.5%) had RPA as the
nomalous pulmonary artery. DiGeorge syndrome is less
ommon with hemitruncus anomalies as compared with
ther conotruncal malformations such as truncus arteriosus
r interrupted aortic arch.10 In our case series we had only
patients (12%) with thymic hypoplasia. 1
The Journal of ThoracicAssociated anomalies include PDA, VSD, tetralogy of
allot, interrupted aortic arch, aortopulmonary window, and
sthmic hypoplasia.9-11 In our series we had only 1 patient
ith conoventricular VSD and PS and 1 patient with arch
ypoplasia. There were no cases of interrupted aortic arch or
ortopulmonary window. We had 8 patients with isolated
emitruncal lesions with no other major intracardiac or arch
nomalies except for a PDA or PFO.
The pathophysiology resulting from this lesion exposes
he pulmonary circulation of both lungs to pressure and
olume overload. In the absence of intracardiac shunting,
he entire cardiac output flows to the single lung attached to
he right ventricle while the “hemitruncus” lung is exposed
o unrestricted aortic blood flow and pressure. If this abnor-
al circulation is allowed to continue uncorrected, the early
evelopment of PVOD can be expected.12-14 In our series, 5
atients had diagnostic catheterization postoperatively. All
patients had systemic or suprasystemic right ventricular
ressures preoperatively. Postoperatively, 3 of these pa-
ients had normalization of their right ventricular and pul-
onary arterial pressures and trivial or no gradient across
heir anastomosis. One patient had elevated right ventricular
nd pulmonary arterial pressures that gradually improved
ith time and no gradient across anastomosis. The fifth
atient had differential pulmonary vascular resistance and
emained elevated on the side of the repair. Anastomotic
dequacy was assured by catheterization. The child is well,
nd follow-up catheterization is planned.
Clinically these patients often present early in life with
rogressive respiratory distress and evidence of congestive
eart failure. There is often a degree of cyanosis from
ight-to-left shunting through the PFO or PDA, secondary to
levated end diastolic pressures in a hypertensive, noncom-
liant right ventricle or from increased pulmonary resis-
ance. The right ventricular pressures are elevated and may
e systemic or suprasystemic.6,13,14 In our series, 14 patients
ad systemic or suprasystemic right ventricular pressures,
nd the remaining 2 patients had half systemic right ventric-
lar pressures. Diagnosis is usually established by echocardi-
graphy, but imaging of the branch pulmonary arteries may be
ifficult, and cardiac catheterization is indicated when clinical
ailure seems out of proportion to the cardiac anatomy. More
ecently computed tomography angiograms and magnetic res-
nance imaging are being used for confirmation of suspected
ases, especially in adults and older children.15,16
Early repair is the therapy of choice. Early repair avoids
ersistent pulmonary hypertension and the development of
ulmonary vascular occlusive disease. Direct implantation
as introduced by Kirkpatrick and colleagues17 in 1967 and
tanton and associates18 in 1968. Several techniques have
een described in cases where direct implantation is not
easible due to length discrepancy. Van Son and Hanley19 in
996 described anterior MPA flap anastomosis to a poste-
and Cardiovascular Surgery ● Volume 133, Number 5 1331
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DABLE 1. Patient data
atient
o.
Anomalous
PA Age
Other cardiac
defects RV pressure RV function Procedure Complications
Reoperations and
reinterventions Outcome
1 Right 2 y PFO, PDA (RHT
missed on
echo)
Systemic Normal RHT repair, PDA
ligation, Lung Bx
(primary closure of
aorta, direct
implantation of
RPA)
None None Alive
2 Right 8 mo Membranous
VSD, DCRV,
anomalous
LAD from
RCA (RHT
missed on
echo)
Systemic Normal RHT repair, PDA
ligation, VSD
Dacron patch,
RVMBR (primary
closure of aorta,
direct implantation
of RPA)
None None Alive
3 Right 2 mo PFO, PDA Suprasystemic Normal RHT repair, PDA
ligation, PFO
closure (primary
closure of aorta,
direct implantation
of RPA)
None None Alive
4 Right 15 d PFO Suprasystemic Normal RHT repair (primary
closure of aorta,
direct implantation
of RPA)
None None Alive
5 Right 6 d PFO, PDA Suprasystemic Normal RHT repair, PDA
ligation, (primary
closure of aorta,
direct implantation
of RPA)
Seizures None Alive
6 Right 10 d PFO, PDA Half systemic Normal RHT repair, PFO
suture, PDA ligation
(primary closure
aorta, direct
implantation of
RPA)
None None Alive
7 Right 5 d PFO, PDA,
VSD, arch
hypoplasia,
TEF
Systemic Normal RHT repair, Dacron
VSD via RVOT, PDA
lig, PFO suture,
arch augmented
with pericardium
(aorta closed with
small pericardial
patch, direct
implantation of RPA
to MPA)
CHB requiring
PPM, line
sepsis and
aspiration
from TEF
resulting in
MSOF and
death
None Died at
5 wk
8 Right 5 d PFO, PDA Suprasystemic Depressed RHT repair, PFO
suture, PDA ligation
(pericardial patch
closure of aorta,
direct implant of
RPA)
None None Alive
9 Right 5 d PFO, PDA, RPA
origin
stenosis
Suprasystemic Normal RHT repair, PFO
suture, PDA ligation
(primary closure
aorta, direct
implantation of
RPA)
None None Alive
10 Right 7 d PFO, mild arch
hypoplasia
Near systemic Depressed RHT repair, PFO
suture, PDA ligation
(mod PDA intraop)
(primary closure of
aorta, direct
implantation of
None None AliveRPA)
332 The Journal of Thoracic and Cardiovascular Surgery ● May 2007
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Dior aortic/branch pulmonary arterial flap. Prifty and col-
eagues20 in 2002 described a double surgical flap technique
sing a ring of aorta divided with one-third posterior flap
ABLE 1. Continued
atient
o.
Anomalous
PA Age
Other cardiac
defects RV pressure RV fu
11 Right 8 d PFO, PDA,
isthmic
narrowing
Suprasystemic Norma
12 Right 2 mo PFO, PDA, left
pulmonary
vein
membrane
Suprasystemic Depre
13 Left 5 mo Muscular VSD
(diagnosis
of HT
missed
preoperatively
on echo)
Half systemic Norma
14 Right 9 d PFO, RAA,
aberrant
LSCA
Suprasystemic Depre
15 Right 2 mo PFO, PDA, mild
AS, and Sub
As
Suprasystemic Depre
16 Left 25 d PFO,
conoventricular
VSD, PS,
RUPV to
SVC
Systemic Norma
FO, Patent foramen ovale; PDA, patent ductus arteriosus; RHT, right hemitrun
ouble-chambered right ventricle; LAD, left anterior descending artery; RCA, right co
stula; CHB, complete heart block; PPM, permanent pacemaker; MSOF, multisystem o
ight aortic arch; AS, aortic stenosis; LSCA, left subclavian artery; EEA, end-to-endnd two-thirds anterior flap. The posterior flap was anasto- d
The Journal of Thoracicosed to a posteriorly based trapdoor flap of MPA folded
ack on itself. The anterior two thirds of aortic flap were
hen anastomosed anteriorly to the edge of the MPA trap-
Procedure Complications
Reoperations and
reinterventions Outcome
RHT repair, PFO
suture, PDA ligation
(primary closure of
aorta, anterior
pericardial patch
augmentation of
RPA from hilum to
MPA)
None 1. RPA and
ascending
aortic
reconstruction
at 1 year
postoperatively;
2. RPA
dilatation and
stenting 2
years
postoperatively
Alive
RHT repair, PFO
closure with
fenestration, LPV
membrane
resection, TV
repair, PDA ligation
(pericardial patch
closure of aorta,
RPA reimplanted
with pericardial
augmentation)
None 1. RPA dilatation
and stenting 1
year
postoperatively;
2. RPA
dilatation 2
years
postoperatively
Alive
LHT repair, muscular
VSD 2 closure
(primary) (primary
closure aorta,
opening of common
wall between LPA
and MPA and
pericardial patch of
LPA defect)
None None Alive
RHT repair, PDA div,
(primary closure
aorta, direct
reimplant of RPA)
None RPA dilatation 1
year
postoperatively
Alive
RHT repair, PDA
ligation, transection
of aorta, direct
implantation of RPA
to MPA, pericardial
augmentation of
aortic defect and
EEA of transected
aorta
None None Alive
LHT repair, pulmonary
valvuloplasty and
BD, VSD patch
(pericardial patch
closure of aortic
defect, direct
implant of LPA to
MPA by including it
as part of MPA
arteriotomy closure)
None None Alive
x, biopsy; RPA, right pulmonary artery; VSD, ventricular septal defect; DCRV,
artery; RVMBR, right ventricular muscle bundle resection; TEF, tracheoesophageal
failure; TV, tricuspid valve; LHT, left hemitruncus; MPA, main pulmonary artery; RAA,
mosis.nction
l
ssed
l
ssed
ssed
l
cus; B
ronaryoor. The entire anastomosis was performed anterior to the
and Cardiovascular Surgery ● Volume 133, Number 5 1333
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Dorta. Other modifications of aortic/pulmonary arterial flap
echniques have been described.21-23 In our series, we were
uccessful in direct implantation of anomalous pulmonary
rtery into MPA in 13 of 16 patients. Only 3 patients
equired fixed autologous pericardial patch augmentation of
he pulmonary artery implant site. Two of these 3 patients
ad the anomalous pulmonary artery arising from the an-
erolateral aspect of the aorta (RPA from right anterolateral
spect in 1 and LPA from left anterolateral aspect in the
econd), and therefore a greater length had to be traversed
or anastomosis. One of these 2 required intervention for
ilatation and stenting of the implanted pulmonary artery.
he third patient developed complete occlusion of RPA
equiring reoperation and homograft conduit interposition
f the RPA. This homograft required later dilatation and
tenting.
Hospital mortality has been reported as anywhere from
% to 21%24-28 and the need for reintervention, 12.5% to
6%.24 Postoperative follow-up requires echocardiography
nd nuclear scintigraphy to diagnose acquired peripheral
ulmonary stenosis.29 Catheterization can be performed as
eeded when indicated by these noninvasive studies. In our
eries, there was 1 operative death (6%), and 3 patients
equired catheter-based intervention (19%). One patient re-
uired operative intervention (6%).
In summary, the early diagnosis and prompt surgical
reatment of hemitruncus results in excellent survival and
voids development of pulmonary vascular obstructive dis-
ase. Although the frequency of reintervention is low, it is
sually directed at the pulmonary artery/MPA implantation
ite, and a variety of techniques to complete this anastomo-
is have been developed. When possible, we prefer tech-
iques that use autologous tissue in the pulmonary artery
igure 1. Kaplan–Meier curve representing probability of free-
om from death, reoperation, and catheter-based reintervention
t 20 years.nastomosis.
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